Background: Excessive iron accumulation in the visceral organs creates problems for patients with beta-thalassemia major. Despite chelation therapy, mortality rate from the complications of this disease is still quite high.
Background
Thalassemia is a genetic disease in which oxygen is not properly supplied to bodily organs due to an abnormal structure of the patient's hemoglobin (1) . The disease is seen in almost all human races, but it is more prevalent in the Mediterranean and tropical regions as well as in Asia and Africa (1, 2) . The annual incidence rate of symptomatic cases has been estimated to be 1 in 100,000 populations worldwide and 1 in 10,000 in European countries (3) . Iran, with approximately 3 million minor thalassemic and 25 thousand major thalassemic patients, is located in the thalassemia belt (2) . Repeated blood transfusions and iron absorption from the intestine may cause iron overload in has several side effects, such as excessive pain during injection (13) . The quality of its oral form is also challenging, and it is not applicable to all patients (14) . Moreover, with the rising cost of desferal, a high economic burden is imposed on society's healthcare system. Thus, attempts to identify appropriate and cost-effective ways to reduce iron overload in patients with beta-thalassemia were among the researchers' top concerns. Nevertheless, few studies have been conducted in this area so far. In an investigation by Schumacher et al., iron depletion was reported in 10% of male and 20% of female athletes (15) . Furthermore, some researchers assessed the effects of aerobic exercise and intercessory prayer on ferritin in patients with thalassemia (2, 16) . Other researchers, by determining the nutritional needs of these patients and suggesting the addition of specific complements to the treatment program, have tried to meet the nutritional needs of these patients and reduce tissue damage due to iron overload (17) . Yet, only a limited number of studies have been conducted in this regard, particularly in Iran.
Objectives
Therefore, the present study aimed to investigate the effect of nutrition, exercise, and a prayer program on reducing iron overload in patients with beta-thalassemia major.
Patients and Methods

Study Design
This randomized clinical trial with pre/posttest design was performed on two groups of thalassemia patients (intervention and control groups).
Setting and Participants
This study was conducted in Shahid Dastgheib hospital affiliated with Shiraz University of Medical Sciences, the largest center for thalassemia patients in Shiraz. The study was performed in thalassemia patients from May to October 2013. The inclusion criteria for the study were being between 15 and 35 years of age, having the ability to receive the training and take care of oneself, not being prohibited to exercise by a cardiologist, and not having participated in similar studies during the past six months. On the other hand, the exclusion criteria were a lack of cooperation during the study (unwillingness, migration, or non-compliance with the program), hospitalization for any reason (acute complications of the disease, cardiovascular disorders, and other problems), suffering from acute or chronic infectious diseases, and an urgent need to alter the chelation therapy due to an excessive increase or decrease in iron overload.
Based on similar studies (16), a 30-subjects sample size was determined to be adequate for the study (15 patients in each group). However, considering the probability of loss, the sample size was increased to 50 subjects (25 in each group). Among the 390 patients with thalassemia who had been referred to the hospital, 200 did not meet the inclusion criteria and 100 were not willing to participate in the study. Therefore, 50 patients with major thalassemia were selected based on the inclusion criteria of the study ( Figure  1 ). These patients were randomly divided into an intervention and a control group. In this study, 12 patients were excluded due to hospitalization, unwillingness to continue participating in the study, and suffering from infectious diseases. Thus, the number of patients in the intervention and control groups decreased from 25 each to 18 and 20, respectively.
Interventions
The intervention group participants were divided into groups of five for training classes. The educational content was prepared based on various resources, articles, and specialists' opinions. In the first session, the group members became familiar with each other, expressed their goals, and talked about their life experiences. The patients' educational needs were also determined using a questionnaire.
In the second session, the patients were provided with a brief description of the types of the disease, new treatment methods, and the dos and don'ts of eating. Considering nutrition, the focus was on avoiding heme-ironrich foods (iron found in meat), substitution of the nutritional needs with non-heme-iron-rich foods (iron found in non-meat materials), and the consumption of antioxidants, such as vitamins E and C (Box 1).
In the third session, exercise and physical activity within one's physical endurance were emphasized, and the principles and methods were explained. In addition, the patients were asked to do moderate exercises, such as walking, at home for 15 minutes every day and increase or decrease their duration and speed depending on their tolerance (Box 2).
In the fourth session, the importance of preventing infection, the association between infection, iron, and iron chelators as well as the prevention strategies was trained (Box 3). It was reported that iron overload impaired the immune system and increased the risk of infection in thalassemia patients (18 Pseudomonas aeroginosa, Legionella pneumophila, and Listeria monocytogenes, have been indicated to increase virulence in the presence of excessive iron (19) .
In the fifth session, the nature, reason, and ways of praying were explained and the patients were asked to pray every day and fill their moments with God by attracting their heart and mind towards Him. This program set out to focus on spirituality and creating tranquility in thalassemic patients. The spiritual training programs (including intercessory prayer) were carried out according to the participants' religious beliefs (all were Muslim). It should be mentioned that the patients were required to repeat spiritual words and phrases at least three times a day.
Each training class lasted for 1 -1.5 hours considering the patients' understanding and tolerance levels. To ensure patient learning, they were involved in discussions and question-and-answer sessions after each training session. In addition, the participants were given a 15-page booklet entitled care program for major thalassemia patients, which contained the educational content of the training program after the intervention.
A self-reporting performance record form was filled out daily by the patients to confirm their compliance with the educational program. The patients completed the form every day for eight weeks. They recorded no intake of red meat, fish, liver and kidney, the consumption of dairy products but only with meals, having fruits and vegetables as snacks, walking and its duration, performing infection strategies, and frequency of repetition of spiritual phrases.
The control group received the routine trainings and cares. The researcher's contact number was also given to all the participants for any possible questions.
Box 1. Dos and Don'ts of Eating in Thalassemia Patients
Dos and Don'ts Limitations in Meat Consumption
Heme-iron-rich foods include meat, fish, and some parts of poultry and turkey (such as the breast and wings). The liver and kidneys are also rich sources of this type of iron. Therefore, it is better to limit the consumption of these foods. Moreover, using vegetable proteins and white instead of red meat is recommended.
Many foods contain non-heme-iron, including eggs, chocolate, cereals, vegetables, fruits, roots and tubers (like potatoes and carrots), dried fruits like raisins, peaches, plums, and figs. The absorption rate of these foods is much lower than that of heme-iron, and approximately 3 -8 percent of their iron is absorbed by the body.
The absorption of non-heme-iron is influenced by consuming other foods. Thus, serving some foods with non-heme-iron foods might increase or decrease the absorption of iron. Because non-heme-iron is present in many foods, it is difficult to avoid these foods. Red meat, poultry, fish, and other seafood contain large amounts of heme-iron and also increase the absorption of non-heme-iron from other foods.
Using Dairy
Milk, cheese, and yogurt reduce the absorption of iron. However, the calcium in these foods is necessary to prevent osteoporosis. Therefore, use milk, cheese, or yogurt in your diet. Compounds such as coffee and milk, milk and tea, cheesy sandwiches, cheesy spaghetti, yogurt, and rice and milk, are especially good for thalassemia patients.
Bean Consumption
Wheat, corn, oats, rice, and pulses such as soya, beans, lentils, and peas reduce the absorption of non-heme-iron. Thus, it is good to include a lot of cereals in the daily diet.
Vitamin C
Vitamin C is a factor that increases iron absorption. This vitamin is present in fruits (especially citrus fruits and tomatoes) and vegetables (parsley, watercress, fenugreek, leek, dill, cauliflower, bell peppers, etc.). Consuming an orange or 100 g of vegetables along with food increases the absorption of iron by two fold. Hence, it is better to avoid eating fruits and vegetables with or immediately after a meal. However, because fruits and vegetables contain a variety of vitamins and antioxidants and must be consumed, it is better to eat them between two meals (as a snack). Note: Although the consumption of vitamin C enhances iron absorption in these patients, some researchers have recommended a low intake of vitamin C along with desferal to aid in iron excretion.
Vitamin E
Iron overload can lead to cellular stress. Due to the effect of vitamin E on reducing cell damage, substances containing vitamin E are recommended. Foods rich in vitamin E include fruits, such as peaches and asparagus. Other sources of this vitamin also include plant materials, animal fat, vegetable oils, such as sunflower oil, olive, corn, peanuts, fresh nuts (hazelnuts, almonds, and walnuts), cabbage, soybean, and wheat germ oil.
Box 2. Exercise in Thalassemia Patients: Why and How?
Exercise in Thalassemia Patients
Doing some exercises based on one's tolerance reduces the bad effects of iron on the heart and improves the cardiovascular function. Regular exercise reduces iron overload in patients with thalassemia by decreasing their iron absorption from the gut.
Walk for at least 30 minutes on most days of the week and preferably all days of the week. Then, increase your time based on your tolerance. Also, enhance your speed gradually.
Exercise Recommendations
Gradually allow your body to get used to exercise Start with easy exercises and then increase the intensity and duration gradually Do gentle, soft, and warming exercises for 5 to 10 minutes. Gentle exercises reduce the possibility of heart diseases and sports injuries Do not stop exercising at the end of the exercise suddenly. Decrease exercise gradually and then stop it Avoid doing exercise in very cold, very hot, or humid weather. In warm weather, wear light and bright clothes. Avoid too tight clothes to allow heat loss Use hats and sunscreen Drink cold water before and after exercise Be familiar with the signs of heart disease, such as chest, arm, hand, and jaw pain, nausea, dizziness, feeling faint, palpitations, and shortness of breath. In case you have these problems, stop exercising and go to the nearest health center
Outcomes
The outcomes were collected using the participants' demographic characteristics and basic iron content. The participants' demographic characteristics consisted of age, gender, education level, time of diagnosis, number of transfusions, and medications used to reduce iron over-
Box 3. The Importance of Preventing Infection in Thalassemia Patients
Importance of Preventing Infection
There was an association between bacterial infection and iron and iron chelators
Prevention of Infection
Observe hand hygiene and wash your hands Wash fruits and vegetables before use Consult with your doctor about vaccines (pneumococcal vaccine, influenza, and hepatitis A and B)
Avoid swimming in rivers, lakes, and public pools If you travel to other countries, consult with healthcare providers about the recommended immunization and health points (ask about the permission to drink water in glass bottles and avoid eating fruits, vegetables, and unpasteurized dairy)
Boil water fully in developing countries
Create a proper balance between activity and rest.
Report any symptoms of infection, including fever, chills, flushing, pain, redness, etc., to your doctor Avoid contact with individuals with infectious diseases load. Additionally, the basic iron content included serum iron, ferritin, unsaturated iron-binding capacity (UIBC), and total iron-inding capacity (TIBC).
The basic iron content was measured in a specialized laboratory. To ensure the reliability of the test results, all the experiments were carried out in a specialized laboratory by just one individual using specific kits (Electrochemi luminesence from Roche Germany) to determine the amount of ferritin and then the colorimetric method to determine the iron and UIBC at a given time. To prevent information transfer, the study was initially conducted in the control group, so that they could not get any information about the details of the intervention. The iron content was measured again after two months in the same specialized laboratory. It should be noted that the individual who took blood from the patients and the one who analyzed the tests were blind to the study groups.
Ethical Considerations
This study was registered in Iranian registry of clinical trials of the ministry of health and medical education (IRCT2014011216190N1). The study was also approved by the ethics committee of Shiraz University of Medical Sciences. Written informed consent was obtained from all the participants. In this way, they were informed about the study objectives and procedures. They were also informed about the voluntary nature of the study and that their participation/non-participation had no effects on their treatments and care. It was also emphasized that blood had to be taken from the participants. The patients were assured that their blood would be used only for study purposes.
Data Analysis
The study data were analyzed using chi-square, Fisher's exact test, Mann-Whitney, Wilcoxon, independent samples t-test, and paired samples t-test with the the SPSS statistical software (ver. 16). The significance level was set at 0.05. The data were analyzed by a statistician who was blind to the study groups.
Results
Descriptive data of the two groups have been listed in Table 1 . The study results showed that the majority of the participants in both groups were 20 -24 years old. In addition, 50% of the participants in the control group and 72.2% of those in the intervention group were female. In addition, 35% of the control group and 44.4% of the intervention group participants had high-school degrees. The results of the chi-square test (or Fisher's exact test in case the sample size was not large enough) showed that the subjects in the two groups were homogeneous in terms of demographic characteristics (age, sex, and education level), time of diagnosis, onset of transfusion, and chelator agent.
A comparison of the iron measurements in the two groups both before and after the intervention is presented in Table 2 . As the tabulation depicts, the intervention group's mean of ferritin two months after the intervention was significantly lower compared to before the intervention (P = 0.04). However, no significant change was observed in the control group in this regard (P =0.29). Besides, the mean level of serum iron was reduced in the intervention group, but the difference was not statistically Iran J Pediatr. 2016; 26(5):e3869. 5 significant (P = 0.81). Also, this index increased in the control group, but the difference was not statistically significant (P = 0.4). Moreover, the UIBC level decreased in both groups, but it the decrease was significant only in the control group (P = 0.04) compared to the intervention group (P = 0.32). The TIBC level also decreased in both the intervention and control groups, but the difference was not statistically significant (P = 0.26 and P = 0.11, respectively). Also, despite the decline in ferritin level in the intervention group after the intervention, the difference was not statistically significant (P = 0.96); however, it was clinically considerable. Finally, changes in serum iron, UIBC, and TIBC levels were not statistically significant (P = 0.96, P = 0.12, and P = 0.20, respectively). A comparison of the changes in iron indices in the two groups before and after the intervention has been presented in Table 3 .
Discussion
The results of this study showed that application of a comprehensive educational program could improve fer-6
Iran J Pediatr. 2016; 26(5):e3869. ritin levels and eventually decrease the complications of iron overload in thalassemic patients. In fact, application of the educational program in the intervention group significantly decreased the serum ferritin level two months following the intervention in comparison to before the intervention. This observation was consistent with the findings of the study by Rahmaninia, as cited in Heidary, which was conducted on the athletes in order to compare the effects of two types of physical activities on iron status and the soluble transferrin receptor (2) . Presumably, the insignificant reduction in the intervention group participants' serum iron levels was due to daily changes in serum iron levels as well as to demolition of iron release from red blood cells. In general, serum iron fluctuates daily and is influenced by several factors, including diet and infectious or inflammatory diseases (15, 20) . These results were also in line with those obtained by Heidary et al. in a study investigating the effect of eight weeks of aerobic training on hematology indices in patients with beta-thalassemia minor. The study results indicated that the serum ferritin level significantly was reduced in the intervention group eight weeks after doing aerobic exercises (2).
The present study further attempted to investigate the effects of exercising in conjunction with other methods of iron overload reduction, such as the reduction of intestinal iron absorption through the consumption or prohibition of some food groups, the application of safety methods to prevent infectious diseases, and prayer. Considering the effect of exercising on reducing ferritin, several mechanisms have been proposed. It seems reasonable that hemolysis of unfavorable thalassemic hemoglobin occurs more frequently during exercise activities, eventually decreasing serum ferritin levels. Additionally, some researchers believe that intestinal iron absorption is lower than normal in athletes. Hence, in case thalassemic patients can decrease iron absorption through regular and constant aerobic activities, they can control their iron supply (16) .
Exercising results in an increase in the percentage of iron autolysis from tissues. Changes in the cell membrane, in turn, release tissue iron and increase serum ferritin and iron levels. However, desferal helps the iron to be excreted when iron is present in the blood. This is where the role of exercise in reduction of iron overload is manifested either directly or indirectly by increasing the efficiency of desferal (21) .
The findings of the present study showed a decreased UIBC in both study groups, but the difference was significant only in the control group (P < 0.05). Studies have shown that high degrees of some substances, such as bilirubin, copper, and lipemia, and hemoglobin hemolysis > 200 mg/dL could affect UIBC; hence, the obtained results might not be very reliable (22) . On the other hand, both UIBC and TIBC measure the capacity of transferrin. Transferrin is a protein that is produced by the liver. Thus, in case of liver disease or lack of adequate dietary protein, transferrin levels are reduced (23) and, consequently, both UIBC and TIBC drop without any direct relationship to the iron changes.
Although serum iron dropped in the present study, TIBC did not increase. These findings were not consistent with those of the studies by Heydari et al. and Vashtani et al. (2, 16) . In addition to what was mentioned earlier about UIBC, increase of TIBC following reduction of serum iron level mainly occurs in anemia. In iron overload, on the other hand, by saturation of transferrin-iron binding capacity, non-transferrin bound iron (NTBI), which is more toxic compared to iron bound to transferrin, appears in the blood circulation (4, 24, 25) . Therefore, the change in TIBC in response to a reduction of available serum iron is not valid in patients with iron overload.
One of the limitations of the current study was that the patients' responsibility and economic, occupational, and social status could have affected their adherence to and compliance with the training. Therefore, to achieve more accurate results, further studies with larger sample sizes, longer follow-up periods, and more accurate methods of assessing iron overload (such as soluble transferrin receptor liver iron concentration) are recommended to be carried out.
Nowadays, similar to other patients suffering from other chronic diseases, thalassemic patients require careful training to perform the required care. Providing and regulating training and care programs through comprehensive and constant courses by nurses can result in more accurate follow-ups and help reduce iron overload. These programs should be carried out by nurses since they have direct contact with patients while providing their services. In addition, comprehensive care programs meet the patients' educational needs in various dimensions; evidence from experiments has expressed the efficiency of such programs in reducing ferritin in thalassemic patients. Therefore, the application of such care programs is recommended as a crucial step in reducing iron overload and its complications in different bodily organs, thereby improving the thalassemic patients' health status.
